International Reviews of Cytology in 1953. This was Hammerling's first paper in English. I had read it and had been enthralled by the profundity and elegance of the work. If there was one man at that conference I wanted to hear, it was Hammerling.
I sat in the audience and waited for him to appear. The man who walked hesitantly to the dais as the chairman finished his opening remarks turned out to be the silent passenger who had remained engrossed in his manuscript during the whole of the train journey from Leuchars to St Andrews. He spoke stiffly, insecure in his command of English, ill at ease with an audience. His eyes barely left his manuscript, which he held in both hands. Except when he turned to explain some diagrams that he had drawn on the blackboard, he did not modulate his voice. As pedantic a lecture as you could imagine, but the experiments were pure poetry.
Acetabularia is a marine alga, a member of the class Dasycladaceae. It is between 3 and 5 cm long when mature and develops from a small zygote. It first forms a stalk with rhizoids at its base, and later a cap that has a characteristic shape for each species. When Hammerling began to work on Acetabularia in the late 1920s, it was known that each plant was composed of a single giant cell, but it was supposed that the cell contained many nuclei. Hammerling soon discovered that throughout the whole of the vegetative stage of its life cycle, the giant cell contained only a single nucleus which was located in one of the rhizoids at the base of the stalk. It was a discovery of the first importance, for it made possible experiments that until then had been merely pipe-dreams. Before Hammerling, the experimental investigation of nucleo-cytoplasmic relationships hardly existed. Few even envisaged the possibility of transplanting a nucleus from one kind of cell to another, and certainly no one could see any practical way of doing so. Once it was clear that , for most of its life cycle, contained only a single nucleus, enucleation of the cell could be accomplished effortlessly by amputation of the rhizoid that contained the nucleus; and nuclear transplantation could be achieved with only a little more difficulty by cutting a nucleated segment from one cell and grafting it onto another from which the nucleus had previously been removed. Hammerling saw these possibilities at once, and he devoted the rest of his life to exploring them. Apart from his doctoral investigations on the fresh water oligochaete A e o l o so ne isolated ciliated protozoon Stentor and one on the annelid , all Hammerling's work deals with the physiological consequences of enucleation and nuclear transplantation in Acetabularia. Here are the principal discoveries that he made:
(1) The morphology of the cell is determined by substances that pass from the nucleus to the cytoplasm. When a nucleus is transplanted from a cell of one species of Acetabularia to an enucleated cell of a morphologi cally distinguishable species, the transplanted nucleus will, under appro priate conditions, impose on the cytoplasm that receives it the morpho logical characteristics of the species from which it was taken.
(2) Growth and morphological differentiation of the cell do not require the concomitant presence of the determinant genes. A perfectly normal stalk and species-specific cap can be generated by the Acetabularia cell many weeks after its nucleus has been removed.
(3) The sequence of morphological events that takes place during the differentiation of the cell is not determined by a proximate sequence of nuclear events (gene switches). All the genetic information required for morphogenesis is delivered to the cytoplasm long before it is expressed.
(4) This genetic information is very stable. Once delivered to the cytoplasm, it can be maintained there in a latent form for periods well in excess of the normal life span of the cell. Enucleate cells can be grown for many weeks under conditions in which cap formation is held in abeyance; but they retain the capacity to form normal caps and will do so when they are returned to the appropriate cultural conditions. These conclusions that Hammerling drew from his experiments on Acetabularia embody propositions of a quite fundamental character concerning the mode of gene action. It is of great interest to trace the vicissitudes that these propositions underwent during the course of his lifetime, not only as a fascinating case history in the progress of ideas, but als6 because the response that Hammerling's experiments evoked in the scientific community of his time had a profound influence on the development of his own personality.
When Hammerling first began his experiments on Acetabularia, he stood completely alone. He had no competitors and no imitators. It was more than 20 years before any other laboratory took up the study of Acetabularia, and ten years elapsed between Hammerling's first publica tion on nuclear transplantation in Acetabularia and the first systematic attempt to study the effects of nuclear transplantation in any other system. For well nigh two decades he described experiments that were entirely new and, in the undegraded meaning of the word, unique. To say that the nucleus contributes substances to the cytoplasm that determine morphogenesis is now a platitude; but when, in the early 1930s, Hammerling first enunciated this proposition, it was greeted in many quarters with incredulity. Nothing was known at that time about the chemical nature of genes or about the mechanism of gene action. Indeed, most theories of morphogenesis then current still had an aura of vitalism about them. Spemann's reaction to Hammerling's experiments is reveal ing. He is said to have remarked to a colleague: 'Hartmann tells me that there's a young man in his laboratory who claims that morphogenetic substances come out of the nucleus.
! Can you imagine?' But, year in year out, in peace and in war, Hammerling continued to study his 'morphogenetic substances', to determine their distribution in the cell, to measure their stability, to examine their relationship to nuclear function and cytoplasmic differentiation. Hammerling's conviction that morpho genesis would eventually be reduced to a problem in physics and chemistry reflected a view of biology that was far ahead of its time. It was all the more remarkable because he was no chemist and was, indeed, unable to apply biochemical techniques to the study of Acetabularia until he was joined in the 1950s by younger, appropriately trained, colleagues.
The English language review in International Reviews of Cytology in 1953 drew Hammerling's work to the attention of a much wider audience. The remarkable ability of Acetabularia to undergo regeneration in the absence of the nucleus initially gave rise to some doubts about whether the giant cell was in fact uninucleate. But these doubts were soon cleared away, and the extraordinary quality of Hammerling's experiments began to be appreciated. Biochemical work on Acetabularia began in several laboratories, including Hammerling's own, and important observations were made on the ability of the enucleate cells to synthesize RNA and proteins. Then, with remarkable speed, Acetabularia was swept into an obscure comer by the tidal wave generated by a dramatic new theory. In 1961 Jacob and Monod published their famous paper on 'Genetic regulatory mechanisms in the synthesis of proteins' in which they proposed that genes operated by the production of transient unstable messengers whose continued presence in the cytoplasm required the continued transcription of the relevant genes. This theory, based very largely on the analysis of induced synthesis of the enzyme, (3-galactosidase, in E.
coli, was clearly diametrically opposed to the view of action that Hammerling had formed from his experiments on Acetabul aria. Hammerling had shown that the genetic information for the synthesis of specific proteins, once delivered to the cytoplasm, was stable for many weeks after removal of the nucleus; and the regulation of protein synthesis, insofar as this could be assumed in the regeneration and specific morphological differentiation of the enucleate cell, clearly did not require the concomitant presence of the relevant genes. An amicable truce might have been arranged on the plausible basis that a regulatory mechanism in the metabolism of carbohydrate by E.
which has a generation time of half an hour or so, might well be organized differently from morphogenesis in A c e t a b u l a r i a, whose life cycle stretches several weeks. But Monod was a great generalizer and was quite unable to entertain the notion that his model for genetic regulation might have only limited applicability. 'What is true for E. coli,* he asserted, 'is also true for an elephant.' Hammerling's reaction to this doctrine was to shrug his shoulders and say 'An elephant, perhaps, but certainly not Acetabularia* But Monod's views were so attractive and so eloquently argued that alternative proposals hardly got a hearing. For several years a large cohort of young biochemists devoted themselves to the search for unstable messengers in higher cells, convinced, a priori, that they must be there. It was very difficult in those days to have a serious discussion with molecular biologists about the implications of Hammerling's experi ments on Acetabularia. I remember raising the question with Francis Crick in 1962, after a symposium in Cambridge to which we had both contributed. 'What worries me about ,' he said, 'is all that carbohydrate.* I am not sure to the present day just what Crick had in mind, but his remark seemed to me to reflect the view then held by most molecular biologists that there was something peculiar about the behaviour of Acetabularia that relieved them of the necessity of taking it seriously. Hammerling's reaction to all this was to withdraw even further into his shell; and the last decade of his working life was spent very largely in self-imposed scientific isolation. I got to know him quite well during this period, visiting him from time to time in his laboratory at Wilhelmshaven. (Eventually we reached the familiarity of first names: an enormous step for him.) He affected a philosophical indifference, but it was obvious that he was a frustrated and disappointed man.
We now know that in higher cells genetic messengers are not unstable: their half-lives may be measured in days or even weeks. The synthesis of proteins on these messengers does not require the continuous tran scription, or even the presence, of the relevant genes. Genetic messengers may be present in the cytoplasm of the cell for long periods without being expressed. And there are indeed cytoplasmic mechanisms that can discriminate between one genetic messenger and another, influencing the rates at which they are translated into proteins and determining, in some cases, whether they are translated at all. But Hammerling is not here to say: 'I told you so.'
He was bom on 9 March 1901 in Berlin, the first child of August Hammerling, an official of the National Bank (Reichsbank) and Gertrude, nee Title. In addition to Joachim, he was given the names August Wilhelm, but these were for documentary purposes only and were never used. To have been a son of a Prussian bank official before World War I was not without consequences for one's subsequent development, and I think the meticulous formality of Hammerling's personal style was not unconnected with the discipline of his father's house. By 1907, when he began his primary schooling at the preparatory school of the Luisenstadtisches Gymnasium in Berlin, there was a sister, Lotte, bom in 1902, and a brother Karl, bom in 1906. Hammerling remained at this Gymnasium until 1914, but makes no special mention of it in the autobiographical documents he deposited with the Royal Society, except to say that the biology teaching was indifferent. This state of affairs changed dramatical ly when he was transferred to the Konigliche (after 1918 Preussische) Landesschule zur Pforte near Naumburg an der Saale. It was at this elite boarding school, where he remained until he took his Abitur in 1920, that his interest in biology was awakened. The biology master there, one Dr Kunze, who had been a pupil of Stahl's, was an excellent botanist with very broad biological interests. (He had done some good experimental work on the colour vision of bees even before von Frisch.) Kunze appears to have been a dominant influence during this period and did much to encourage Hammerling's emergent talents as a naturalist. Hammerling later claimed that he was never better at recognizing subtle differences in the morphology of plants and insects than during his schooldays at Schulpforta. He also claimed that some of the systematic botany and zoology that he learnt there was of practical use to him later. Hammerling was apparently a good enough musician to have considered music as a career, but by the end of his schooldays biology had won out and he enrolled in the Friedrich Wilhelm University in Berlin in 1920 to read, as main subjects, botany, zoology and philosophy.
In the wonderfully eclectic German University system of those days, Hammerling attended lectures by Haberlandt on general botany, Karl Heider on zoology and developmental physiology, Nernst on inorganic chemistry and Schlenk on organic chemistry. From spring to autumn in 1921 he transferred to the Philipps University in Marburg where, among other things, he attended lectures on physics by Schaefer. In the winter semester of 1920-21 he made the acquaintance of a fellow biology student, Curt Stern. Their common interests developed into a life-long friendship which survived Stern's forced emigration to the United States during the Nazi period and even the experiences of World War II. That Stem had no hesitation in renewing old ties with Hammerling after the war is an eloquent testimonial to the fundamental decency of Hammerling's political and social attitudes during those infinitely cor rupt times. For, throughout the war, Hammerling had remained the director of a scientific institute supported by the German government; and anyone in that position had some explaining to do. But more of this later. It was at Stern's suggestion that Hammerling attended a course of lectures on protozoology given at the Kaiser Wilhelm Institut fur Biologie in Dahlem by Max Hartmann. Stimulated by this, both Hammerling and Stern asked Hartmann to take them on for their doctoral work. Hartmann agreed, and it was thus that Hammerling entered the orbit of the Kaiser Wilhelm Gesellschaft (later the MaxPlanck-Gesellschaft) in which he was to spend the rest of his working life.
The Kaiser Wilhelm Institut fur Biologie was at that time dominated by the galaxy of talent appointed on the advice of Boveri: Correns, Warburg, Spemann, Goldschmidt and Hartmann. All these men had some influence on Hammerling's scientific development, but none perhaps more than Correns, whose laconic speech and solitary style of research .Hammerling was to make his own. For his doctoral work Hammerling investigated the mechanism of vegetative propagation in Aeolosoma. This work was of more than scholastic interest. Some of the observations then made by Hammerling remain relevant to modem research on the phenomenon of cellular ageing: they argue strongly against the view that ageing is determined by an accumulation of irreversible genetic events. Later that year, with war looming, Hammerling received an in vitation to become the German Director of the German-Italian Institute for Marine Biology located at Rovigno d'I stria, between Trieste and Pola on the Adriatic coast. This institute was supported jointly by funds from the Kaiser Wilhelm Gesellschaft and the Comitato Reale Talassografico, the leading Italian agency for the support of research on the marine problems of the Mediterranean, and was administered by two directors, one German and one Italian. Hammerling's initial reaction to the offer was unenthusiastic. War broke out while he was still turning the proposition over, and he saw serious risks in transferring his young family and the equipment necessary for his research to Italy, which at that time had not yet entered the war on Germany's side. Hartmann, however, insisted that he accept, pointing out that, Hammerling's political views being what they were, there was no chance of his being appointed to a university professorship in Germany. In the end Ham merling accepted the offer. It proved to be a very fortunate decision.
Like many northern Germans, Hammerling had a slightly romantic attachment to the Warm South. Although it is difficult to imagine a temperament less italianate than Hammerling's, he appears to have thoroughly enjoyed life in Italy and to have had no great difficulty in his dealings with the Italians. His relationship with the Italian co-director of the Institute remained amicable, although an administrative arrangement of this kind is normally a blueprint for disaster. He came to acquire a deep respect for the humane and practical wisdom of the Italian way of life and seems not to have been unduly disturbed by the complexity of Italian bureaucratic procedures. But the move to Italy conferred one further, inestimable, boon: throughout the whole of the war Hammerling's work and his family life remained undisturbed. The first publication on nuclear transplantation between A . mediterranea and A . crenulata ap peared in 1940; the definitive work in 1943. Gunter, the last of the Hammerling children, was born in that year.
Although, in Rovigno, Hammerling was well removed from the centres of Nazi power and largely escaped the pressure to collaborate directly in the barbarities of that regime, he could not, of course, have survived as director of the Institute without making some compromises. After the war, when scientific contacts between Germany and the rest of the world were re-established, it was not uncommon for German scientists, when they met their English or American colleagues, to feel some inner compulsion to account for their activities during the Nazi era. Many of these accounts were rather transparent exercises in self-exculpation. On my first visit to Hammerling's Institute in Wilhelmshaven, one of the guests invited to a dinner party felt obliged to regale me with one such account. Hammerling maintained an embarrassed silence, but when the tale was told, he turned to me and made a remark that has since struck me as being as honest a statement as any participant in the life of Nazi Germany could make. 'Harris,' he said, 'all of us who lived our lives under the Nazi regime and survived made obeisance to Hitler. What you have to decide is whether we did so willingly or unwillingly. And that is not easy.' I have looked long and hard at the record and have come to the conclusion that, in Hammerling's case, obeisance was made unwillingly.
In 1945, when it was becoming obvious that the German defence of Italy was about to collapse,. Hammerling received orders to transfer 'all valuable scientific equipment' back to Germany. He interpreted 'valuable scientific equipment' to include the Acetabularia cultures and a good stock of sea water. A synthetic medium for the growth of Acetabularia had not then been devised, and the maintenance of the cultures depended precariously on a continuous supply of clean sea water. The 'valuable scientific equipment* found a temporary home at Langenargen on Lake Constance in an institute affiliated with the Kaiser Wilhelm Gesellschaft, but by then deserted. During the last phase of the war, experimental work began again. Hammerling later prided himself on the fact that the only genuinely voluntary foreign worker in Germany at that time was his technician, an Italian lady who had come with him from Rovigno. When, shortly after the end of the war, his supply of sea water began to run out, some scientific colleagues in France prevailed on the French Occupation Authorities to co-operate in the transport of a large consignment from the south of France. With the transformation of the Kaiser Wilhelm Gesellschaft into the Max-Planck-Gesellschaft, plans were made to transfer the old Dahlem Institut fur Biologie to Tubingen, and Hammerling was included in these plans. However, in 1947, before the Tubingen project had come to fruition, the town council of Wilhelmshaven offered the Max-Planck-Gesellschaft a building, one of the few that had not been destroyed during the war, which they thought would be appropriate for the development of a scientific institute, a view shared by the British Occupation Authorities. Hammerling was informed of the offer by Telschow, the General Secretary of the Max-Planck-Gesellschaft, and jumped at it. Within the year, he was offered an even better building, which in due course became the Max-Planck-Institut fur Meeresbiologie (Marine Biology) in which he was to spend the rest of his working life.
When, in 1869, Wilhelmshaven became the principal home base of the Prussian Navy, it acquired a rather special character which was not to everyone's taste. After World War II, still less so. One sometimes heard the rhyme: 'Wen Gott will strafen, den schickt Er nach Wilhelmshaven.' (If God wants to punish someone, He sends him to Wilhelmshaven.) For Hammerling, the opposite was true. He took great pleasure in watching the new town grow out of the rubble, and both he and his wife contributed to the renascence of its social and civic life. Hammerling found that he had a natural sympathy with the people of the region. Like himself, they were reserved, if not taciturn, undemonstrative and given to understatement. He found the flat coastline, teeming with sea birds, peaceful and absorbing. And there was deep satisfaction in modernizing and equipping the old Wilhelminian building for its new role as the MaxPlanck-Institut fur Meeresbiologie. But an even more fundamental change took place in the character of his scientific life. Until after the war, all Hammerling's original scientific papers were by Hammerling alone. Now he found himself in a position to attract young collaborators, and papers on Acetabularia began to issue from Wilhelmshaven bearing the names of Stich, Werz, Clauss, Keck, Richter and Schweiger. Some of these young men were well trained biochemists, and they began the immense task of reducing Hammerling's fundamental observations to biochemical terms. The 1950s were, on the whole, a fruitful and optimistic decade for Hammerling. His work gradually won worldwide appreciation and even found its way into the textbooks. Cell biologists eagerly awaited the new information flowing from his laboratory. In 1951 he attended the International Congress for Cell Biology at Yale, the sole representative from Germany, and took the opportunity to visit Bermuda and the Bahamas to collect further specimens of Acetabularia. In 1956 he made a journey to Okinawa and Tamano for the same purpose. But the clouds were gathering.
I have recounted how, in the early 1960s, the rise of the genetic operator model of protein synthesis, with its insistence on the transient nature of genetic messages, made studies on Acetabularia unfashionable. This change in fashion had important practical consequences. One of these was that the biochemical investigations of Hammerling's younger colleagues failed to attract the attention that they deserved. It was, for example, Schweiger and Bremer, working with Acetabularia in Hammerling's laboratory, who, in 1961, first provided decisive evidence that net synthesis of RNA could take place in the cell cytoplasm after removal of the nucleus. As there was no place for extranuclear RNA synthesis in the then popular view of the cell, this important observation made little mark at the time or was simply disbelieved; and it was not until the semi-autonomous nature of chloroplasts and mitochondria was revealed, that the existence of extranuclear RNA synthesis came to be accepted. It was in enucleate Acetabularia cells that the independent self replication of chloroplasts was first demonstrated. Another consequence of the change in fashion was the attitude adopted to the research on Acetabularia in the councils of the Max-Planck-Gesellschaft. As the time for Hammerling's retirement drew nearer, rumours began to circulate that the Max-Planck-Gesellschaft intended to close down the Acetabul aria work. These rumours were doubly wounding to Hammerling. In the first place, he was convinced that Acetabularia still presented experi mental opportunities that could not easily be matched in any other biological system; and, in the second, he could not avoid seeing a decision to discontinue the Acetabularia work as a final, and negative, verdict on himself. Hammerling's scientific difficulties at this time were com pounded by personal tragedy. On 6 May 1963, his son Wolfgang, on the eve of a promising career in academic medicine, was killed in a motor accident. Hammerling withdrew almost completely into himself and was rarely seen again at scientific gatherings either in Germany or abroad. Fortunately, in the committees appointed by the Max-PlanckGesellschaft to advise on the future of the research on , wiser counsels eventually prevailed; and, in 1965, a decision was taken to appoint Hammerling's young colleague Schweiger to continue the work. It gave Hammerling pleasure to see his confidence in Acetabularia justified by the new and important lines of research initiated by his successor; but his last years in the Institute were marked by an unmistakeable sense of disillusionment. In 1968, the Institute was renamed the Max-Planck-Institut fur Zellbiologie to reflect more ac curately the nature of the work being done there, and on 31 December 1969 Hammerling retired. His retirement was crowned by his election in April 1970 to the Foreign Membership of the Royal Society. Very rarely can this distinction have afforded so much pleasure. Hammerling saw in it a vindication of his whole scientific life and wrote a moving letter to the Foreign Secretary of the Society, expressing his gratitude and acknow ledging in the most generous terms the contributions made by his colleagues. He had received no public honours from his own country.
A small laboratory was placed at his disposal after his retirement, and, to begin with, he made some use of it, still showing flashes of experi mental insight. But, as time went by, his visits to the laboratory became less frequent. He returned to his music, his books and his memories. He began to show a quiet pride in the growing scientific reputations of his sons, Ulrich and Gunter, both immunologists, but this pleasure was always clouded by the memory of Wolfgang's death. Throughout the 1960s, I used to receive long and detailed letters from Hammerling on a variety of scientific subjects, but, after his retirement, I received only two letters, and they contained no science. In 1977 the Max-Planck-Institut fur Zellbiologie was transferred to Ladenburg, near Heidelberg, but Hammerling chose to remain in Wilhelmshaven, where, to the end, he was tended by a devoted wife. His former scientific colleagues played little part in his final years. He died on 5 August 1980.
Among the documents that Hammerling deposited with the Royal Society there was a sheet of paper, folded and sealed, across which he had written in his small neat hand: 'Must not be opened before my death.' It contained a piece of information that influences the interpretation of his whole life. Hammerling obviously wanted his biographer to have this information, and its disclosure, it seems to me, can do nothing but enhance the stature of the man. It appears that from early adolescence he had been afflicted by intermittent bouts of severe depression during which he was unable to work and often barely able to communicate with those about him. On his estimate, about a third of his working life was lost in these black episodes. One wonders what he might have achieved if fate had been a little kinder. His posthumous message ends with an expression of profound gratitude to Dr Detlev Richter of Bevensen, Dr Richter's wife and his nurse, Miss Inge Scholz, whose humanity and understanding helped to carry him through the periods of darkness.
